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(57)  Asystem for use with a base station, the system
comprising a distributed antenna system including a
head-end unit and one or more remote units communi-
catively coupled to the head-end unit, the head-end unit
configured to transmit signals to the one or more remote
units, the signals comprising wireless communication da-
ta received from the base station, wherein the one or
more remote units are configured to wirelessly transmit

STATIC DELAY COMPENSATION IN A TELECOMMUNICATIONS SYSTEM

the wireless communication data to user devices; and a
delay unit configured to communicatively couple to the
base station, the delay unit configured to introduce, to
the base station, a delay for control information included
in a frame processed by the base station, the delay cor-
responding to an increase in a roundtrip delay between
the base station and the user devices caused by the dis-
tributed antenna system.
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Description

Cross-Reference to Related Application

[0001] This claims priority to U.S. Provisional Applica-
tion Serial No. 62/076,260, filed November 6, 2014 and
titled "Static Delay Compensation in a Telecommunica-
tions System," the contents of which are incorporated
herein by reference.

Technical Field

[0002] The disclosure relates generally to telecommu-
nications and, more particularly (although not necessarily
exclusively), to configuring a telecommunications system
to compensate for static delays caused by the use of a
distributed antenna system.

Background

[0003] ADAS canbe used to extend wireless coverage
in an area through the use of one or more head-end units
and multiple remote units coupled to each head-end unit.
Head-end units can be coupled to one or more base sta-
tions that can each manage wireless communications for
different cell sites. A head-end unit can receive downlink
signals from the base station and distribute downlink sig-
nals in analog or digital form to one or more remote units.
The remote units can wirelessly transmit the downlink
signals to user equipment devices within coverage areas
serviced by the remote units. In the uplink direction, sig-
nals from user equipment devices may be received by
the remote units. The remote units can transmit the uplink
signals received from user equipment devices to the
head-end unit. The head-end unit can transmit uplink sig-
nals to the serving base stations.

[0004] The use of a head-end unit and remote units to
extend the wireless coverage of a base station can in-
crease the static delay (also known as a roundtrip delay)
to a user device because of additional processing time
and time delays caused by the extended distance signals
travel from the head-end unit to remote units in the DAS.
This can impact the maximum cell range a base station
can cover. The static delay in a DAS can de-synchronize
user device connections and result in signal interference
when connected to a base station with a limited cell
range.

Summary

[0005] Certain aspects and features relate to configur-
ing a telecommunications system to compensate for stat-
ic delays caused by extending wireless coverage of a
base station with a distributed antenna system (DAS).

[0006] Inoneaspect,asystemisprovided. The system
can include a distributed antenna system for being com-
municatively coupled to a base station. The distributed
antenna system includes a head-end unit and one or
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more remote units communicatively coupled to the head-
end unit. The head-end unit is configured to transmit wire-
less communication data in signals from the base station
to the remote units. The remote units are configured to
wirelessly transmit the wireless communication data to
user devices. The system also includes a delay unit com-
municatively coupled to the base station. The delay unit
is configured to introduce to the base station a delay pe-
riod to control information included in a transmit frame
transmitted by the base station. The delay period corre-
sponds to a roundtrip delay caused by the distributed
antenna system.

[0007] In another aspect, a method is provided. The
method can include receiving an optical signal from a
radio transmitter unit of a base station. The optical signal
can carry a first transmit frame including control informa-
tion and data information. The method can also include
generating delayed control information by introducing a
delay period to the control information for a duration of a
roundtrip delay caused by a distributed antenna system.
The method can furtherinclude generating second trans-
mit frame by multiplexing the delayed control information
and the data information. The method can also include
transmitting the second transmit frame to a digital base-
band unit of the base station.

[0008] in another aspect, a head-end unit is provided.
The head-end unit can include a first interface configured
to receive and transmit, with a radio transmitter unit of a
base station, signals that include wireless communica-
tion data. The head-end unit can also include a second
interface configured to transmit the wireless communi-
cation data from the radio transmitter unit of the base
station to one or more remote units of a distributed an-
tenna system. The head-end unit can also include adelay
unit for being communicatively coupled to a digital base-
band unit of the base station and the radio transmitter
unit of the base station. The delay unit is configured to
introduce to the base station a delay period correspond-
ing to a roundtrip delay caused by the distributed antenna
system by adding the delay period to control information
included in a transmit frame transmitted to the base sta-
tion.

Brief Description of the Drawings

[0009]

FIG. 1 is an example of a block diagram of a distrib-
uted antenna system (DAS) and a delay unit com-
municatively coupled to a base station according to
certain aspects.

FIG. 2 is a block diagram showing an example of a
delay unit configured to adjust delay compensation
signaling of a base station operating under a Com-
mon Public Radio Interface (CPRI) standard accord-
ing to certain aspects.

FIG. 3 is a flowchart showing an example of a proc-
ess for introducing a roundtrip delay for a base sta-
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tion operating under the CPRI standard according
to certain aspects.

FIG. 4 depicts a block diagram showing an example
of a delay unit to adjust delay compensation signal-
ing of a base station operating under an Open Base
Station Architecture Initiative (OBSAI) standard ac-
cording to certain aspects.

FIG. 5 depicts a flowchart showing an example of a
process for adjusting delay compensation signaling
for a base station operating under the OBSAI stand-
ard according to certain aspects.

FIG. 6 is a block diagram depicting an example of a
base station communicatively coupled to a distribut-
ed antenna system that includes a delay unit accord-
ing to certain aspects.

Detailed Description

[0010] Certain aspects and features of the present dis-
closure relate to compensating for the roundtrip delay
caused by the use of a distributed antenna system (DAS)
in a telecommunications system. The roundtrip delay can
be a pre-determined delay period calculated based on
the configuration of the DAS. For example, the roundtrip
delay can be based on the number of head-end units and
remote units extending the wireless coverage of the base
station and the length of the communication links be-
tween the base station and the head-end unit and be-
tween the head-end unitand the remote units. The round-
trip delay can vary over time due to configuration changes
of the DAS. The roundtrip delay can include a roundtrip
fiber delay based on the latency of the fiber links used in
the DAS. To adjust for the roundtrip delay of the DAS, a
delay unit can adjust delay compensation signaling pro-
vided between a digital baseband unit and a radio trans-
mitter unit of the base station.

[0011] For example, the Common Public Radio Inter-
face (CPRI) and the Open Base Station Architecture In-
itiative (OBSAI) are two radio interface standards that
specify the physical layer of communication between the
digital layer of a base station and the radio transmitter
unit of the base station. The CPRI and OBSAI standards
provide an automatic delay mechanism for compensa-
tion of fiber delays between the digital baseband unit of
the base station and the radio transceiver unit of the base
station. The digital baseband unit and the radio trans-
ceiver unit of the base station can be coupled via an op-
tical link that can vary in length. For example, the digital
baseband unit and the radio transceiver unit can be com-
municatively coupled with optical fiber lines 20 kilometers
long. Delay compensation signaling protocols in the
CPRland OBSAIl standards indicate how the digital base-
band of the base station can compensate for the fiber
delay between the digital baseband unit and the radio
transmitter unit of the base station.

[0012] In some aspects, a delay unit can be included
to intercept the delay compensation signaling between
the digital baseband unit and the radio transmitter unit of

10

15

20

25

30

35

40

45

50

55

the base station. The delay unit can adjust the delay com-
pensation signaling between the digital baseband unit
and the radio transmitter unit by introducing an additional
delay corresponding to the roundtrip delay of the DAS.
Introducing an additional delay into the base station sig-
naling protocols allows the delay unit to compensate for
the roundtrip delay of the DAS. The delay unit can com-
pensate for the roundtrip delay by leveraging the delay
compensationroutines inthe CPRIand OBSAI standards
without requiring modification to the base station.
[0013] Compensating for the roundtrip delay caused
by the DAS according to certain aspects can allow the
base station as configured for a minimum cell range to
operate in an additional cell range as extended by the
DAS. Thus, a base station configured for a limited cell
range (e.g., 5 kilometers) can be coupled to a DAS con-
figured with a delay unit as described herein without re-
sulting in signal interference among mobile devices or
de-synchronization of mobile devices. This can help op-
timize the network by improving the Random Access
Channel performance and improving the overall data
throughput to the mobile units within the cell.

[0014] In other aspects, the head-end unit of a DAS
can inform the base station of the roundtrip delay caused
by the DAS. For example, a standardized interface (e.g.,
Antenna Interface Standards Group (AISG)) can be used
to signal the base station of any roundtrip delays resulting
from the use of the DAS. The base station can then com-
pensate for the roundtrip delay, allowing for extended
cell coverage via the DAS.

[0015] These illustrative examples are given to intro-
duce the reader to the general subject matter discussed
here and are not intended to limit the scope of the dis-
closed concepts. The following sections describe various
additional aspects and examples with reference to the
drawings in which like numerals indicate like elements,
and directional descriptions are used to describe the il-
lustrative examples but, like the illustrative examples,
should not be used to limit the present disclosure.
[0016] FIG. 1is ablock diagram of a DAS 150 coupled
to a base station 100 according to certain aspects and
features. The DAS 150 can include a network of spatially
separated remote units 124a-b communicatively coupled
to a head-end unit 118 for communicating with the base
station 100. For example, remote units 124a-b can be
coupled directly to the head-end unit 118. The remote
units 124a-b can provide wireless service to user equip-
ment devices positioned in respective coverage zones
of the remote units 124a-b.

[0017] The base station 100 can include a digital base-
band unit 102 and a radio transmitter unit 106. The digital
baseband unit 102 and radio transmitter unit 106 can
each include optical interfaces 104, 108, respectively, to
communicate via various radio interface standards (e.g.,
CPRI or OBSAI). The digital baseband unit 102 can be
configured to measure the fiber delay resulting from the
optical link between the digital baseband unit 102 and
the radio transmitter unit 106. For example, in the CPRI
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standard, the digital baseband unit 102 can measure the
time difference between the internal frame start of the
transmit frame from the optical interface 104 and start of
the receive frame received at the optical interface 104
(from herein referred to as the fiber roundtrip delay). In
the OBSAI standard, the digital baseband unit 102 can
measure the fiber roundtrip delay of a round-trip time
(RTT) message packet.

[0018] The head-end unit 118 can include a radio in-
terface 122 for communicating with a radio interface 110
included in the radio transmitter unit 106 of the base sta-
tion 100. The head-end unit 118 can also include a trans-
mit/receive interface 120 for communicating wireless sig-
nals with the respective transmit/receive interfaces
126,128 in remote units 124a-b. Any suitable communi-
cation link can be used for communication between the
base station 100 and head-end unit 118. For example,
the radio interfaces 110, 122 can provide support for a
direct connection or a wireless connection. A direct con-
nection can include, for example, a connection via a cop-
per, optical fiber, or other suitable communication medi-
um. In some aspects, the head-end unit 118 can include
an external repeater or internal RF transceiver to com-
municate with the base station 100. In some aspects, the
head-end unit 118 can combine data for downlink signals
received from different base stations. The head-end unit
118 can transmit the combined data for the downlink sig-
nals to one or more of the remote units 124a-b.

[0019] Theremote units 124a-b can provide signal cov-
erage to user equipment devices by transmitting data for
downlink signals via a radio interface to user equipment
devices and receiving data for uplink signals from user
equipment devices. The remote units 124a-b can trans-
mit data for uplink signals to the head-end unit 118. The
head-end unit 118 can combine data for the uplink signals
received from remote units 124a-b for transmission to
the base station 100.

[0020] A delay unit 112 can be included between the
optical interface 108 of the radio transmitter unit 106 and
the optical interface 104 of the digital baseband unit 102
ofthe base station 100. Although FIG. 1 depicts an optical
connection between the delay unit 112 and the radio
transmitter unit 106 and digital baseband unit 102, any
digital wired interface can be used. The delay unit 112
can include an optical transmit port 114 for providing sig-
nals to the optical interface 104 of the digital baseband
unit 102. Similarly, the delay unit 112 can include an op-
tical receive port 116 for receiving signals from the optical
interface 108 of the radio transmitter unit 106. The delay
unit 112 can effectively intercept the signals being trans-
mitted from base station radio transmitter unit 106 to the
base station digital baseband unit 102. By intercepting
the optical signal, the delay unit 112 can introduce to the
base station 100 delay compensation protocols a delay
corresponding to the roundtrip delay of the DAS 150. The
roundtrip delay of the DAS 150 can be pre-determined
based on the amount of head-end units 118 and remote
units in the DAS 150 and the length of the communication
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links between the components of the DAS 150. By adding
the roundtrip delay caused by the DAS 150 to the optical
signal provided from the radio transmitter unit 106 to the
digital baseband unit 102, the DAS roundtrip delay will
be included in the base station fiber roundtrip delay as
measured in the digital baseband unit 102 of the base
station 100.

[0021] The delay unit 112 can be implemented in any
suitable device for digital signal processing to manipulate
the signals being provided between the digital baseband
unit 102 and the radio transmitter unit 106. For example,
the delay unit 112 can be implemented in a microproc-
essor, an application-specific integrated circuit ("ASIC"),
a field-programmable gate array ("FPGA"), or other suit-
able processor. The delay unit 112 can be implemented
in one processor or any number of processors configured
to execute algorithms for adjusting the delay compensa-
tion signaling of the base station 100. In aspects utilizing
the CPRI radio interface standard, the delay unit 112 can
be implemented via a synchronized multiplexing element
and a delay line for the first 1/16t of the frame containing
the control information. The multiplexing unit and the de-
lay line can be implemented using analog or digital as-
pects.

[0022] The delay unit 112 as shown in FIG. 1 can be
configured to introduce a delay period into the control
signaling between the radio transmitter unit 106 and the
digital baseband unit 102 of the base station according
to various radio interface standards. For example, FIG.
2 depicts an example of the delay unit 112 configured to
inject the appropriate roundtrip delay caused by the DAS
150 for a base station 100 operating under the CPRI radio
interface standard.

[0023] For a base station 100 operating under the
CPRI radio interface standard, the delay unit 112 can
inject the roundtrip delay of the DAS 150 by delaying the
control channel of the transmit signal provided from the
radio transmitter unit 106. The transmit signal from the
radio transmitter unit 106 can be provided to the optical
interface 108 of the delay unit 112 via the optical receive
port 116. The transmit signal can include both serialized
1/Q data including wireless communication and call infor-
mation as well as the control data for the communication.
The optical interface 260 can be a small form factor plug-
gable interface that includes an electrical transmit block
252 for converting received optical signals to electrical
signals. The electrical signals are provided to a serial to
parallel converter 210, which can convert the serial
stream of I/Q and control data to a parallel output stream.
The control and I/Q data stream are provided to a parallel
input port 226 in a CPRI demultiplexer 224, which can
separate the control information and the 1/0O data into
separate data streams. The CPRI demultiplexer 224 can
provide the control information to a control output 228
and the 1/Q data to an 1/Q output 230.

[0024] The delay unit 112 can add the roundtrip delay
period of the DAS 150 by delaying the control channel
of the transmit signal provided from the radio transmitter
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unit 106. For example, the delay unit 112 can delay con-
trol frame information specifying timing information (e.g.,
comma byte, synchronization, and timing) and control
information elements (e.g., C&M link, layer 1 inband pro-
tocol, Ctrl_Axc, and any vendor specific control informa-
tion). Certain aspects can allow for introducing time de-
lays at a granularity of 240.42 ns (corresponding to the
length of a basic LTE frame). A finer granularity of delay
can be achieved by introducing a short buffer (e.g., less
than or equal to one base frame) for the 1/Q data.
[0025] To delay the control channel of the transmit sig-
nal, the control information is provided to an input 234 in
adelay memory unit 232, which can introduce the round-
trip delay period of the DAS 150. In some aspects, the
delay memory unit 232 can be configured as a ring buffer
(also known as a circular buffer) that can store the control
information received from the radio transmitter unit 106.
For example, the ring buffer can store the control byte of
the CPRI transmit frame. The ring buffer can be config-
ured such that the distance between the read pointer and
the write pointer of the ring buffer corresponds to the
roundtrip delay period caused by the DAS 150. In alter-
native aspects, the delay memory unit 232 can be con-
figured as a First In First Out ("FIFO") memory.

[0026] The delayed control information can then be
provided from a delay output 236 to a delayed control
input 240 in a CPRI multiplexer 238. The 1/Q data can
bypass the delay memory unit 232 and can be provided
to an 1/Q input 242 of the CPRI multiplexer 238. The de-
layed control can be asynchronous and independent of
1/Q data. The CPRI multiplexer can combine I/Q data and
delayed control information and output the multiplexed
stream as a parallel output 244 to a parallel-to-serial unit
202. The parallel-to-serial unit 202 can accept a parallel
input stream 206, which includes the multiplexed delayed
control information and 1/Q data, and convert the parallel
input stream 206 to a serial stream 204 for the optical
interface. An electrical receive block 250 in the optical
interface 108 can convert the serial electrical stream car-
rying the delayed control information and I/Q data to an
optical signalfor transmission to the digital baseband unit
102 via the optical transmit port 114. By delaying the
control information in the optical link between the radio
transmitter unit 106 and the digital baseband unit 102,
the delay unit 112 can leverage the delay compensation
signaling protocols that are part of the CPRI interface
standard. FIG. 3is aflowchart depicting an example proc-
ess 300 for introducing the roundtrip delay in the optical
link between the radio transmitter unit 106 and the digital
baseband unit 102.

[0027] In block 310, delay unit 112 can receive optical
signals carrying I/Q data and control information from the
radio transmitter unit 106 of base station 100. For exam-
ple, In the CPRI standard, a single word of a transmit
frame in an optical signal from the radio transmitter unit
106 can be dedicated to control information and the re-
maining words of the transmit frame dedicated to I/Q da-
ta. For a 614 Mbps bit rate, the single word control infor-
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mation can be made up of a single byte of information.
For a 1228 Mbps bit rate, the single word control infor-
mation can be made up of two bytes. The remaining bytes
of the transmit frame can be dedicated to 1/Q data.
[0028] Thedelayunit112cangenerate delayed control
information by introducing a delay period to the control
information part of the CPRI transmit frame, as shown in
block 320. The delay period can correspond to the known
roundtrip delay caused by the DAS 150. The roundtrip
delay can be proportional to the number of head-end units
and remote units in the DAS 150 and the length of the
communication links separating the head-end units and
remote units in the DAS 150. Various aspects of intro-
ducing the delay are possible. For example, the control
information can be stored in a ring buffer data structure
included in the delay unit 112, where the distance be-
tween the read pointer and the write pointer of the ring
buffer is equivalent to the amount of roundtrip delay in
the DAS. For example, the control information can be
transmitted at a fixed rate. In the CPRI radio interface
standard, the control information can be transmitted at a
chip rate of 3.84 MHz. The pointer distance between the
read pointer and the write pointer divided by the 3.84
MHz chip rate can correspond to the delay period for the
control information. Alternatively, a First in First Out
("FIFO") memory can be used. A simple FIFO can, for
example, include a cascading set of register stages. At
each clock signal, data stored in the each register stage
moves to the next register stage in the set. The last reg-
ister stage in the set is provided as an output word. To
implement a FIFO memory as a delay buffer, at startup,
the empty FIFO registers can be filled with the amount
of delayed control information before the first word is read
at the output.

[0029] In block 330, the delay unit 112 can generate a
second transmit frame by multiplexing the delayed con-
trol information and the 1/Q data information. For exam-
ple, CPRI multiplexer 238 can multiplex the delayed con-
trol information and the 1/Q data as a parallel outputto a
parallel-to-serial unit 202. The parallel-to-serial unit 202
can serialize the delayed control information and the I/Q
data of the transmit frame. Once the delay unit 112 gen-
erates a second transmit frame that includes the delayed
control information, the delay unit 112 can transmit the
second transmit frame to the digital baseband unit 102
of the base station 100, as shown in block 340. The delay
unit 112 can provide the second transmit frame to the
digital baseband unit 102 via the optical transmitport 114.
[0030] While FIGs. 2-3 depict a delay unit 112 and a
process 300 for adjusting the delay compensation sign-
aling of a base station 100 operating under the CPRI
radio interface standard, FIGs. 4-5 depict a delay unit
112 and a process 500 for adjusting delay compensation
signaling for a base station 100 operating under the OB-
SAl radio interface standard. FIG. 4 depicts, for example,
the delay unit 112 configured for adjusting delay com-
pensation signaling between a radio transmitter unit 106
and the digitalbaseband unit 102 under the OBSAI stand-
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ard.

[0031] Inthe OBSAlstandard, the digitalbaseband unit
102 cansend an RTT measurementmessage to the radio
transmitter unit 106 in order to measure the base station
fiber roundtrip delay. The radio transmitter unit 106 can
respond by sending the RTT measurement message
back to the digital baseband unit 102 after adding the
measured buffering time of the radio transmitter unit 106
to the RTT measurement message. To compensate for
the DAS roundtrip delay in a network utilizing the OBSAI
standard, the delay unit 112 can delay the RTT meas-
urement message as it is communicated from the radio
transmitter unit 106 to the digital baseband unit 102.
[0032] Forexample, to compensate forthe DAS round-
trip delay, the delay unit 112 can include an optical re-
ceive port 116 for receiving a serial stream of information
provided from the radio transmitter unit 106. The serial
stream of information received from the radio transmitter
unit 106 can include RTT measurement message, other
control messages, and messages carrying I/Q data. Mes-
sages transmitted according to the OBSAI standard can
alsobereferredto as packets. An electrical transmit block
252 can convert the serial stream of messages to elec-
trical signals, which can then be provided to a serial input
412 in serial-to-messages unit 410.

[0033] Serial-to-messages unit410 can the convertthe
serial stream of information to data bytes of information,
organized into discrete messages. The messages (in-
cluding the RTT measurement message, other control
messages, and messages carrying I/Q data) are sent out
through a message output 414 to an input 426 in drop
unit 424. The drop unit 424 can drop the RTT measure-
ment message from the message stream. Remaining
passing messages 428 (e.g., messages that are not
dropped from the stream) include messages carrying 1/O
data and other control information. The passing messag-
es 428 can be provided to a low priority input 440 in an
addition unit 438.

[0034] The dropped messages 430 (e.g., the RTT
measurement messages) can be provided to an input
434 of a delay memory 432. After the roundtrip delay
period caused by the DAS 150, the delay memory 432
can insert the dropped RTT measurement message into
the data stream. By deleting the RTT measurement mes-
sage from the original transmit stream provided by the
radio transmitter unit 106 and then inserting it after a pe-
riod of time corresponding to the roundtrip delay, the de-
lay unit 112 can effectively adjust the delay compensation
signaling of the OBSAI interface by delaying the RTT
measurement message. The dropped messages 430
can be provided to a high priority input 442 in the addition
unit 438.

[0035] The RTT measurement message includes a
value indicating a time stamp indicating when the RTT
measurement message was transmitted from the digital
baseband unit 102. At the radio transmitter unit 106, the
RTT measurement message is modified to account for
any time varying buffering delay of the radio transmitter
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unit 106 (e.g., delay caused from additional messages
being present in the output queue of the radio transmitter
unit 106). In order to account for the roundtrip delay of
the DAS 150, the addition unit 438 can further modify the
time stamp in the RTT measurement message.

[0036] After modifying the time stamp of the RTT
measurement message, the addition unit 438 can insert
the modified RTT measurement message into the data
stream carrying other control message and I/Q messag-
es, which were provided to the low priority input 440. The
combined message output 444 can be provided to a mes-
sages input 406 of a messages-to-serial converter 402.
The messages-to-serial converter 402 can convert the
delayed RTT measurement message, messages carry-
ing I/Q data, and other control information to a serialized
output stream 404. The serialized output stream 404 can
be provided to an electrical receive block 250 in the op-
tical interface. The electrical receive block 250 can con-
vert serialized output stream 404 (including the delayed
RTT measurement messages, messages carrying 1/Q
data, and other control information) to an optical signal
for transmission to the digital baseband unit 102 via the
optical transmit port 114. By delaying the RTT measure-
ment message transmitted between the radio transmitter
unit 106 and the digital baseband unit 102, the delay unit
112 can leverage the delay compensation signaling pro-
tocols that are part of the OBSAI interface standard.
[0037] FIG. 5 depicts a process 500 for adjusting delay
compensation signaling for a base station 100 operating
under the OBSAI radio interface standard. In block 510,
the delay unit 112 can receive an optical signal that in-
cludes a message stream from a radio transmitter unit
106. The message stream (or packet stream) can include
an RTT measurement message that is part of the delay
compensation signaling of the OBSAI radio interface
standard. The message stream can also include mes-
sages providing I/Q data (e.g., voice and data signals for
an ongoing communication with a mobile device) as well
as messages providing other control information.
[0038] The delay unit 112 can remove the RTT meas-
urement messages from the message stream, as shown
in block 520. For example, the delay unit 112 can include
adrop unit424 thatremoves the RTT measurement mes-
sages from the message stream. In block 530, the delay
memory 432 can insert the removed RTT measurement
message back into the message stream after a period of
time corresponding to the DAS round trip fiber delay. As
the RTT measurement message is inserted after com-
pletion of low priority messages (data messages and oth-
er control messages) an addition unit 438 can modify the
time stamp ofthe RTT measurement message to account
for the delayed time of the RTT measurement message.
The addition unit 438 can also combine the delayed RTT
measurement messages with the data messages and
other control messages. The combined messages can
be serialized and then transmitted to the digital baseband
unit 102, as shown in block 540. By delaying the RTT
measurement messages and modifying the time stamp
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of the RTT measurement messages to account for the
DAS roundtrip delay, the delay unit 112 can leverage the
delay compensation routines of the OBSAI radio inter-
face standard that automatically configure for fiber delays
between the digital baseband unit 102 and the radio
transmitter unit 106.

[0039] Although the above examples refer to the delay
unit 112 as separate from the DAS 150 for illustrative
purposes, the delay unit 112 can be included within the
head-end unit 118 in other aspects. FIG. 6 depicts an
example block diagram of a base station 100 communi-
catively coupled to a DAS 150 configured to adjust the
delay compensation signaling of the base station 100 to
account for the roundtrip delay caused by the DAS 150.
Similarto FIG. 1, the base station 100 can include a digital
baseband unit 102 with an optical interface 104 and a
radio transmitter unit 106 with an optical interface 108
and a radio interface 110. The base station 100, digital
baseband unit 102, optical interface 104, radio transmit-
ter unit 106, optical interface 108, and radio interface 110
can operate similar to the same named components dis-
cussed with respect to FIG. 1. Similar to FIG. 1, the DAS
150 can include a head-end unit 618, a transmit/receive
interface 120, and a radio interface 122. The head-end
unit 618 transmit/receive interface 120 and radio inter-
face 122 can operate similar to the same named com-
ponents discussed with respect to FIG. 1. As in FIG. 1,
the head-end unit 618 can be communicatively coupled
with remote units 124a-b via transmit/receive interface
126, 128, respectively. The remote units 124a-b and
transmit/receive interfaces 126,128 can operate similar
to the same named components discussed with respect
to FIG. 1.

[0040] The head-end unit618 can also include a delay
unit 612, which can include an optical transmit port 114
and an optical receive port 116 for intercepting the delay
compensation signaling between the digital baseband
unit 102 and the radio transmitter unit 106. The delay unit
612 can operate similar to the delay unit 112 discussed
with respect to FIGs. 1-5 above.

[0041] The foregoing description of the examples, in-
cluding illustrated examples, of the subject matter has
been presented only for the purpose of illustration and
description and is notintended to be exhaustive or to limit
the subject matter to the precise forms disclosed. Nu-
merous modifications, adaptations, and uses thereof can
be apparent to those skilled in the art without departing
from the scope of this subject matter. The illustrative ex-
amples described above are given to introduce the read-
er to the general subject matter discussed here and are
not intended to limit the scope of the disclosed concepts.
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a distributed antenna system including a head-
end unit and one or more remote units commu-
nicatively coupled to the head-end unit, the
head-end unit configured to transmit signals to
the one or more remote units, the signals com-
prising wireless communication data received
from the base station, wherein the one or more
remote units are configured to wirelessly trans-
mit the wireless communication data to user de-
vices; and

a delay unit configured to communicatively cou-
ple to the base station, the delay unit configured
to introduce, to the base station, a delay for con-
trol information included in a frame processed
by the base station, the delay corresponding to
an increase in a roundtrip delay between the
base station and the user devices caused by the
distributed antenna system.

The system of claim 1, wherein the delay unit is con-
figured to add the delay to the control information by
delaying a control byte of a Common Public Radio
Interface transmitframe for a duration of the increase
in the roundtrip delay caused by the distributed an-
tenna system.

The system of claim 2, wherein the duration of the
delay includes a time between a transmission of an
internal frame start of the transmit frame transmitted
from a digital baseband unit of the base station and
a receipt of a receive frame start received at the dig-
ital baseband unit of the base station.

The system of claim 3, wherein the delay unit in-
cludes a ring buffer including a read pointer and a
write pointer, the ring buffer being configured to store
the control byte of the Common Public Radio Inter-
face Transmit frame,

wherein a distance between the read pointer and the
write pointer corresponds to the delay.

The system of claim 1, wherein the delay unit is con-
figured to add the delay to the control information by
deleting a round-trip time measurement message
from an Open Base Station Architecture Initiative
transmit signal and inserting the round-trip time
measurement message after a duration of the in-
crease in the roundtrip delay caused by the distrib-
uted antenna system.

The system of claim 1, wherein the distributed an-
tenna system is configured so that the increase in
the roundtrip delay is proportional to a length of a
communication link between the head-end unit and
the one or more remote units.

The system of claim 1, wherein the control informa-
tion included in the frame is part of delay compen-
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sation signaling between a digital baseband unit of
the base station and a radio transmitter unit of the
base station.

The system of claim 1, wherein the head-end unit
comprises:

a first interface configured to receive and trans-
mit, with a radio transmitter unit of the base sta-
tion, signals that include wireless communica-
tion data;

a second interface configured to transmit the
wireless communication data from the radio
transmitter unit of the base station to the one or
more remote units of the distributed antenna
system.

The system of claim 1, wherein the head-end unit
comprises the delay unit.

A method, comprising:

receiving a signal from a base station, the signal
including a first frame including control informa-
tion and data information;

generating delayed control information from the
control information included in the first transmit
frame based on a delay corresponding to a du-
ration of an increase in a roundtrip delay be-
tween the base station and user devices caused
by a distributed antenna system communica-
tively coupled to the base station;

generating a second transmit frame by multi-
plexing the delayed control information and the
data information; and

transmitting the second transmit frame to the
base station.

The method of claim 10, wherein generating the de-
layed control information comprises delaying a con-
trol byte of a Common Public Radio Interface trans-
mit frame for the duration of the increase in the round-
trip delay caused by the distributed antenna system.

The method of claim 10, wherein generating the de-
layed control information comprises delaying a
round-trip time measurement message for an Open
Base Station Architecture Initiative transmit signal
and inserting the round-trip time measurement mes-
sage after the duration of increase in the roundtrip
delay caused by the distributed antenna system.

The method of claim 11, wherein the duration of an
increase in the roundtrip delay includes a time be-
tween a transmission of an internal frame start of a
transmit frame transmitted from the digital baseband
unit of the base station and a receipt of a receive
frame start received at the digital baseband unit of
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14.

15.

the base station.

The method of claim 10, wherein the increase in the
roundtrip delay caused by the distributed antenna
systemis proportional to alength of acommunication
link between a head-end unitand one or more remote
units of the distributed antenna system.

The method of claim 14, wherein the head-end unit
is configured to provide wireless communication sig-
nals from the base station to the one or more remote
units and the one or more remote units are config-
ured to provide the wireless communication signals
to the user devices.
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300

RECEIVE OPTICAL SIGNAL FROM RADIO
TRANSMITTER UNIT OF A BASE STATION

:

GENERATE DELAYED CONTROL INFORMATION
BY INTRODUCING PREDETERMINED DELAY
TO THE CONTROL INFORMATION

é

=

GENERATE SECOND TRANSMIT FRAME BY
MULTIPLEXING DELAYED CONTROL
INFORMATION AND DATA INFORMATION

330

!

TRANSMIT THE SECOND TRANSMIT FRAME TO A
DIGITAL BASEBAND UNIT OF THE BASE STATION

340

FIG. 3
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500

RECEIVE OPTICAL SIGNAL INCLUDING MESSAGE
STREAM FROM RADIO INTERFACE UNIT

!

REMOVE RTT MEASUREMENT MESSAGE
FROM MESSAGE STREAM

é

INSERT RTT MEASUREMENT MESSAGE INTO
MESSAGE STREAM AFTER PERIOD OF TIME
CORRESPONDING TO ROUNDTRIP FIBER DELAY

;

TRANSMIT COMBINED MESSAGES TO
DIGITAL BASEBAND UNIT

FIG. 5
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